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IBSTBlCT 

This individualised learning sodule on sultiTibrators 
is one iA a series of Kodules for a course in basic electricity and 
electronics. The course is one of a nuaber of silitary -developed 
curriculum packages selected for adaptation to vocational 
instructional and curriculum developsent in a civilian setting. Three 
lessons arc included in the scdulet (1) Bistable Bultivibrator 
Operation (Flip-Plopt, (2) Astable Bultivibrator Operation 
fFree-Bun«)ingt , and (3) Bonostable Bultivibrator Operation 
(Oce-Shott. Each lesson follows a typical forsat including a lesson 
oveTTieSf a list of study resources* the lessen content* a prograssed 
instruction section, and a lesson sussary. (prooress checks are 
provided for each lesson in a separate docusent* CE 026 5B6.t 

aitM 



* Beprodnctions supplied by EDBS arc the best that can be sade * 

* fros the original docusent. * 



MILriAFY CURRICULQM MATERIAIS 

The ndlitary-developed currxculim utaterials in this course 
padcage were selected by^ the National Center for Research in 
Vocational Education Military CurricuJ.um Project for dissean-^ 
inaticn to the six regional Curriculum Ooordination Centers and 
other instructional materials agencies. The purpose of 
disseminating tliese courses was to curriculisn mat er i a ls 
developed by the ndlitary nore accessible tc vocational - 
educators in the civilian setting. 

The course materials were aoc[uired^ evaluated by pDoject 
staff and practitioners in the fields and prepared tor 
dissemination. Materials ^diich ware ^lecific to the nilitary 
ware d&leted, copyrighted materials were either omitted or appro- 
val for their use was obtained, rfhese course packages contain 
curriculum resource materials yihidi can be adapted to sapgart 
vocational instructicxi and curriculun development. 



Military 

Curriculum Materials What Materials How Can These 

Dissemination Is . . . Are Available? Materials Be Obtained? 



an activity to incre^ the accessibility of 
military^leveloped curriculum materials to 
vocational and technical educators. 

This project, furtded by the U.S. Office of 
Education, includes ttie identification ar»d 
acquisition of curriculum materials in print 
fodp from the Coast Guard, Air Fbrce, 
Army, Marine Corps and Navy: 

Acce^ to military curriculum materials is 
provided through a "Joint Memorandum of 
Urtderstanding" between the U.S. Office of 
EducatK>n and the Department of Oefense. 

Jhe acquired materials ane revieived by staff 
and subject matter specialists, and courses 
deemed app(icM)le to vocational ar»d tech- 
nical education are selected for distdmination. 

The National Center f<^r Research in 
Vocational Education is the U.S. Office of 
Education's designated representative to 
acquire the materials and conduct the project 
activities. 

Project Staff: 

Wesley E. Budke, Ph.D., Director 
National Center Clearinghouse 

Shirley A. Chase, Ph.O. 
Project Director 
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One hundred twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. 

Course materials include programmed 
instruction, curriculum oullines, instructor 
guides, student workt>ooks and technical 
manuals. f 

The 120 coi/rses represent the following 
sixteen vocational subject afieas: 



Agricuttufie 
Aviation 
Building & ^ 

Construction 

Trades 
Clerical 

Occupations 
Communications 
Drafting 
Electronics 
Engine Mechanics 



Food Service 
Health 

Heating & Air 
Conditioning ^ 
Machine Shop 
Klanagement & 
Supervision 
Meteorology & 
Navigation 
Photography 
Public Service 



The number of courses and the subject areas 
represented will expand as additional mate- ^. 
rials with application to vocational and '\ 
technical education are identified and selected 
for dissemination. 



Contact the Curriculu^ Coordination Center 
in your region for information on obtaining 
materials (e.g., availability and cost). They 
will respond to your request directly or refer 
you to an instructional materials agency 
closer to you. 
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the National Center 
Mission Statement 



NaticHial Center flnr Research in 
Vocational Education' ^ mission is to increase 
the ability of divert agencies, institutions, 
and organizations to solve educational prob- 
lems relating to individual career planning, 
preparation, and progression. The National 
Center fulfills its mission by: ^ 

• Gerr^^ating knowledge thiough research 

• Developing educational programs and 
products 

• Evaluating irtdividuai program needs 
and outcomes 



ig60 K«my Road, Columbus, ONo 43210 
Teitphone: 614/48&366& or Toll Free 800/ 

848^15 within the con'Jnental U& 

(«xotptOhto) 
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OVERVIEW 

BASIC ELECTRICITY AND ELECTRONICS 
HODUtE TVENTY THREE 

Hultlvibrators 



In this module you will learii about multivibrators. Multivibrators may be 
thought of3s square wave generators. The output may be continuous square- 
waves, or pulses triggered by Input waveforms. 

This modulfe has been separated Into the following three lessons: 

Lesson I Bistable Hultlvlbrator Operation (Flip-Flop) 
Lesson II Aslable Hultlvlbrator Operation (Fre^Running) 
Lesson III Monostable Hultlvlbrator Operation (One-Shot) 



Overview 
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OVERVIEW 

23*l*(i5.3r CONSTRUCT a basic flip-flop (bistable) multivibrator, g;ven 
a schematic diagram or a parts layout template for a flip* 
flop multivibrator and a supply of parts* The constructed 
circuit must be operational as specified in the Job program. 

23*1*^5*3*1 IDENTIFY the normal output waveform of a basic flip-flop 

multivibrator by selecting the illustration %4hlch resen^les 
the normal output %«aveform of a flip-flop multivibrator for 
which the input signals and a flip*flop (wl :.h toggle) svfhbol 
are given* At least one input pulse will have no efflgff* 
100% accuracy is required* 



Enrichment Haterial(s): 

Basic Electronics, Vol* 2, NAVPERS IOO87-C 



YOU HAY USE ANY, OR Alt, RESOURCES LISTEO A60VE> IMaUOING THE LEARNING 
SUPERVISOR; HOWEVER, ALL MATERIALS L'-^EO ARE MOT NECESSARILY REQUIREO 
TO ACHIEVE LESSON OBJECTIVES. THE P >RESS CHECK HAY BE TAKEN AT ANY 
TIME. 
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Study Resources Twenty Three 

LIST OF STUDY RESOURCES 
LESSON I 

Bistable Hulttvtbrator Qperattwi (FHp-F1o^>. ^^ 

To learn the material this tesson^ you have the option of choosing, 
according to your experience and preferences) any or all of ^the follow* 
log study re« \: 

Written Lesson mentation In: , . ^ 

Hodule Booklet; 
Summary 

Hrogranned Instruction 
Narrative 

^ Student's fiulde: 

Job Program Twenty Three-I "Ftip-Flop Hultlvlbrator" 
Progress Check 

Additional Material (s): 

Audio/Visual Program Twenty Three-I **BIstab1e Hul tivlbrator" 
Enrichment Haterfal($): 

Basic Electronics. Vol. 2. NAV?ERS IOO87-C 



VOU HAV USE ANY. OR ALL. RESOURCES LISTED ABOVE. luaUDtNG THE LEAttNING 

SUPERVISOR; HOWEVER. All MATERIALS L'"rED ARE MOT NECESSARILY REQUIRED 

TO ACHIEVE LESSON OBJECTIVES. THE P iRESS CHECK HAY BE TAKEN AT ANY 
TIHE. 
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The block dUgram symbol for a flip-flop circuit Is shown In Figure 2. 




Figure 2 

The tttfO Inputs ere designed Set (S) and C^eer (C)* ^he two outputs ere 
Identified es **V* end "0'\ A trigger pulse or the S«t Input will cause 
the *M'* output to 90 either positive or negative dependlna on the type 
of transistors. used* At the sam time the "0" output wi>f equal zero 
volts* If the "1" output measurer high voltage^ the "(T output must 
measure a low voltage — usually zero volts. 

A clear state exists when the output measures low voltage and the "0" 




S "T" C 

Figure k 

This steering network (CRI, CR2) will steer a positive Input pulse to 
the saturated transistor — causing tt to cut-off. 
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Every time a positive pulse ts applied to the T input, the f I ip-flop w1 1 1 
change states. This is accomplished with a diode steering network as 
shown in Figure (Note that if NPN tra.islstors were used the diodes 
would have to be reversed and the T signal would have to be negative*) 




S "T" C 

Figure k 

This steering network (CRI, CR2) will steer a positive Input pulse to 
the saturated transistor causing It to cut*off. 
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PROGRAMMED INSTRUCTION 
LESSON I 

Bistable Multivibrator Operation (Flip-Flop) 

TEST FRAMES ARE 9 AND 15, AS BEFORE, GO FIRST TO TEST FRAME 9 AND SEE IF 
YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN AFTER 
THE TEST FRAME, 

1. As ar* technician^ you wilt encounter many appl teat ions of two-position 
switches. Bistable multivibrators function as if they were two-position 
switches: two-posltlon electronic switches. Technicians generally know 
this circuit by another name: the fl Ip'jf Ipp . Ftlp-flops can "flip** 
rapidly to one state or "flop** rapidly back to their original state. If 



Figure 1 

The flip-flop circuit Is completely symmetrical. Notice that there are 
two Inputs coupled to the bases of the transistors. The two outputs are 
coupled from the collectors of the transistors. Think of the flip-flop 
circuit as two common-remitter amplifier circuits — where the output of 
one amplifier is connected to the Input of the other amplifier and vice- 
versa, 

R«fer to Figure 1, Point D is the output of transistor 02- Notice that 
point D is connected through M andCk to point A. Point A is the input 
to transistor Ql . 

Also* point C — which is the output of Ql — Is connected through R3 
and C3 to the Input of transistor QZ (ppint B) . 

The output of one transistor will affect the input of the other transis- 
tor. 

The voltage on collector of Q2 will affect the voltage on the base 
of 
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2. Study the schematic of a^basic f)fp-f)op shown in Figu-^e ) 
not as complicated as it first appears. 



it's 



oumjT ® 










@ OUTPUT 









Ma3 



Figure ) 

The flip-flop circuit Is completely symmetricaK Notice that there are 
two Inputs coupled to the bases of the transistors,^ The two outputs are 
coupled from the collectors of the transistors* Think of the flip-flop 
circuit as two common-emitter amplifier circuits — where the output of 
one amplifier Is connected to the Input of the other amplifier and vice- 
versa* 

Refer to Figure I* Point D is the output of transistor Q2. Notice that 
point D is connected through Rk and Ck to point A. Point A is the input 
to transistor Ql . 

\ * . 

Also* point C — which Is the output of Ql — Is connected through R3 
and C3 to the input of transistor Q2 (pPint B) . 

The output of one transistor will affect the Input of the other transis- 
tor. 



Jhe voltage on t^e collector of Q2 will affect the voltage on the base 
of 
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3. When we apply power to the flip-flop, one of the transistors will 90 
to saturation and the other transistor will 90 to cutoff. Why should 
the transistors react differently? 

Actually^ the transistors are matcHed as closely as possible. However, 
because of slight differences in conduction properties between, any two 
'transistors^ the circuit will be slightly off-balance. This small differ- 
ence causes one transistor to conduct rnore than the other. The' transis- 
tor with the higher initial current flow will go into saturation. Remember 
that the output of one transistor affects the Input of the other transistor. 
Because of the reduced voltage at the output of the saturated transistor, 
the other transistor will be forced into cutoffs 

If one transistor in a flip-flop is saturated^ the other transistor must 
be 



cut-off 

4. In order to explain why one transistor must be cut-off when the other 
transistor is saturated, let's assign typical values to the components 
and voltages in a flip-flop. Temporarily ignore the input capacitors 
and capacitors C3 and C4. The simplified typical circuit Is shown in 
Figure 2. 



(-VeC) D -10 V 




Figure 2 



Two voltage divider networks extend from -lOv (-Vcc) to +6v (+Vbb) * One 
voltage divider consists of resistors Rl* R^i and R6. The other voltage 
dfvider consists of resistors R2, R3, and R5. 



,3 is 

J 
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Which voltage divider network supplies the bias potential to the base of 
QI? 

/ ^ \ > > and * 



Rl, R^, and R6. 



5* Let's assume that in the Initial state transistor QI Is saturated and 
Q2 is cutoff* Renember. that the voltage drop fr<Mn the base to the emitter 
of a saturated transistor Is essentially zero volts* Figure 3 shows the 
voltage drops on the voltage divider network connected to the base of QK 




Figure 3 

Since no current flows through Q2, very little voltage is dropped across 
R6 (approximately -5v)* The voltage at output W in respect to ground 
would measure approximately -9*5V* 

The voltage at the collector of the cutoff transistor (Q2) is approximately 



a* -Vcc 
b* Ov 
c* +Vbb 



a. -Vcc^U high voltage output at output ^2)* 
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6, .Refer to Figure * for the valiies on the other voltage dlvtder network. 



01 

fSATUflATCDI, 




Figure ^ 



Since Ql Is saturated, there )s a high current flow through R5. You would 
measure approximately zero volt^ (ground potential) at point C. Notice 
that the base of transistor (12 Is between Ov (at point C) and -f*^ (at +Vbb} 

Therefore, the voltage at the base of transistor must be (positive/ 
negative) . 



positive (between Ov and -t^v) 



7: A positive voltoge on the base of a PNP transistor will cause that 
transistor to become cutoff . 

As you can see, the voltage on the base of one transistor Is dependent on 
the voltage on ttie col lector of the other transistor. 

One transistor -fs saturated; the other nwst be cut off. The fUp-flop Is 
stable In this state. 

Do not forget that the fttp-ftop Is a "bl"-stabte jnultivlbrator, bl-ufc 
(2). 



Tt^e f I Ip-f top has 



stable states. 
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8. So how do we chaige the state of the flip-flop? 

L«t's return tht capacitors to th« bistable multivibrator (figure 5). 




Figure 5 

* Capacitors C3 and Ck are used to transmit more rapidly any changes In 
voltage front the collector of one transistor to the base of the other 
transistor. CI and C2 are Input coupling capacitors* 

As before^ assume that transistor Ql is saturated ^nd transistor Q( is 
cut-off* Vie now have a choice. We could appVya posi tIve*going pulse 
to Input #1 to dause Ql to change from saturation to cut*off* Or we 
could achieve the same result by applying a negative-going pulse to 
Input 02* Transistor Q2 would then change from cut-off to saturation* 
Normally, a pulse is applied to the saturated transistor causing It 
to cu:*off. An Input pulse which Is of the correct polarity to change 
the scfite of the flip-flop Is called a "trigger** pulse. 

If Q2 in Figure 5 is saturated, the preferred method for changing the 
state of the circuit Is "^o apply a (pos 1 1 1 ve/ ncga 1 1 ve ) pulse to (Q1/Q2) * 



positive^ Q2 
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9. TEST FRAME . 

In Figure 6, we have applied a posittve-going pulse to input #1 at time ( 
Tl. 




Mai Ma2 
rigure 6 

How; QI Is ; Q2 Is ' 



THIS tS A T^T FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWER GIVEN 
AT THE TOP OF THE NEXT PACE. 



?3 
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cut-off, saturated (In that order) 

IF YOUR ANSWERS NATCH THE CORRECT ANSWERS, YOU HAY GO ON TO TEST FftAME 15. 
OTHERWISE GO BACK TO FRAME I ANO.TAKE THE PROGRAWEO SEQUENCE BEFORE. TAKING 
TEST FRAME 9 AGAIN. 

10* Apply a second posit We-go{ng pulse to input #|, re wf 1 1 be rib 
effect. Why? Because Ql is already cut-off. 

Ntfw apply a positive pulse to input #2; Ql will go back into saturation 
and will a()afn be cut-off; see Figure 7. 



r 




The I output will measure approximately Vcc. 

I2« A-sfnpler w#y t>show a flfp-flop» once you understand how It func- 
i]m%t Is to draw a b^lock diagram to represent the circuit* A special 
ktlHl of block has been adopted as a standard symbol for the flIp**riop, 
end It looks like this: 




Th« two Inputs are represented by the tines on the left end the outputs 
by the lines on the right* * ... 

* 

INPUTS to flip-flop are S (SET) and C (Cl-EAR) 
OUTPUTS froB f Hp-flop are "I" and "0" 



^9 25 



Twenty Three-I 



A trigger pulse epptfed to the Se£^ Input causes the "t" output to 90 
positive or negetlve, depending on the type of transistor. At the seme 
tine, the '"0" output will ecuel lero volts. Thii condition Is celled 
Sot Stete , In the set stete the output Is e high voltege (or 
Just "high"} end the "0" output ts lero volts* 



0 ¥0H» 



Figure 10 

If another trigger pulse Is appllod to the Clear Input, this produces 
a positive or negative voltage (high) out 0/ tKe **0*' output. The "I" 
output goes to zero volts (low)* This condition Is called the C lear 
State. , 

/ 

0 voHi 



T Ttoeer Pabe 





Tri yger Puiie 



Figure 11 

To determine what state the flip-flop Is In^ you can measure either the 
**V* or the '*0*' output* 

Using a voltmeter you measure the "I" output rnd find *6v* The flip- 
flop Is In the (clear/set) state. 



set 

^ r 

13* Some flip-flops use a third Input lead. This third Input lead ts 
called a "Toggle" (T) Input* Every time we apply a pulse to the T In 
put, the flip-flop will change states. Refer to Figure 12. 
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i^"t 




Figure 12 

The two diodes (CftI , CR2) form e "steerrng iMtwork*'. This steering net- 
Mrk will steer e positive Input. putse to the setureted trenslstor 
ceusfng It to cut-off. Negetfve pulses ere blocked^ the diodes. (Note 
:het If NPN trenslstors were used the diodes %rfwld heve to be reversed 
end the T slgnel would heve to be negetlve.) 

For exunple, let's sey thet Ql Is setureted end Q2 Is cut-off. We eppty 
e potltlve pulse et T. The i^ulse will be passed to both trenslstors. 
Tfie positive (Hilse wtH not effect Q2 since It Is etreedy cut-off. 
however, will cut-off which will ceuse 02^ to become setureted. The tren- 
slstors heve reversed stetes^ . % 



Whet will heppen If we appJy another positive putse et T7 



The translttors will agein chenge ttetes — (II wlii be setureted and Q2 
will be cut-off (or words to that effect). 

J 
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15. TEST FRAME 

Draw the correct output waveform for the f Hp-flop in Figure 15 with 
the Set (S)t Clear (C)^ and Toggle (t) Inputs shown. (Assume flip-flop 
originally In the Clear state.) 



-M— i— i— i— 

■ ■ ' ^ ■ ] ! 
I I I I I I I 

I I t I * ■ 4' 

"1— I— L-hH— H-^ 

TO T1 T2 T3 T4 TB TS 

Figure IS 




THIS IS A TEST FRAME. COHPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN 
AT THE TOP OF THE NEXT PAGE. 



'9, 
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15. TEST FRAME 

Draw the correct output waveform for the f Hp-flop in Figure 15 with 
the Set (S)t Clear (C)^ and Toggle (t) Inputs shown. (Assume flip-flop 
originally In the Clear state.) 



-M— i— i— f— 



1^ 



"1— I— M-H— h-^ 

TO T1 T2 T3 T4 TB TS 




Figure IS 



THIS IS A TEST FRAME. COHPARE VOUR ANSWER WITH THE CORRECT ANSWER GIVEN 
AT THE TOP OF THE NEXT PAGE. 
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I I I I I II 

"I I I"! I \ ! -Vcc 

TO T1 T» T3 T4 T» T6 



IF YOUR ANSWER HATCHES THE CORRECT ANSWER ¥0U HAVE COHPLETED THE PROGRAJWED 
INSTRUCTION FOR LESSON I MODULE TWENTY THREE. OTHERWISE GO BACK TO FRAHE 
to AND TAKE THE PROGRAMHED SEQUENCE BEFORE TAKING TEST FRAME 15 AGAIN. 

AT THIS POINT. YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES. 
PARAGRAPHS, OR FRAMES SO THAT 4rOU CAN RE$TUDY THE PARTS OF THIS * 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL. OR MOST. OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDtO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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The circuit probably looks complicated to you -if you are seeing it for 
the first tifne. Actually, because It is syrnmetrical , we can analyze'it 
with little drfficulty. ^he inputs are coupled to the bases of the* 
transistors and the outputs are coupled from the collectors of the tran- 
sistors. Think of the flip-flop as two cc»nmon-emitter amplifier circuits 
— where the output of one amplifier is connected to the input of the 
other ampl i f ier and vice-versa. Refer to Figure L Point D is the out- 
put of transistor Q2. Notice that point 0 Is connected through and 
to point A. Point. A is the input to transistor Ql. 

By the same token, point C — which is the output of Ql — is connected 
through R3 and C3 to the input of transistor Q2 (point B). The. output 
of one trf»nsistor will affect the input of the other transistor. 

When wfi. apply power to the flip-flop, one of the transistors will saturate 
and the other transistor will cut off. But because of slight differences 
in Conduction properties between any two transistors, one transistor wilt 
conduct slightly more than the other transistor. This slight difference 
in conduction properties is enough to throw the f1ip*f1op off balance. 
One of the transistors will continue to increase its current flow until 
It reaches saturation. When this transistor reaches saturation. Its 
collector voltage is very low In respect to ground. Since the voltage 
on the collector of one transistor affects the base voltage of the other 
transistor, the other transistor will be forced into cut-off. 

The transistors operate almost as If they were two mechanically inter- 
connected switches. When one switch opens, the other switch Is forced 
to close, and vice-versa (Figure 2). 



SWITCH 1 
(Ql) 



SWITCH 2 
(02) 



Figure 2 

At no time can bo th switches (transistors) be in the same state. 

If one transistor in a flip-flop Is saturated, the other transistor 
must be 



cut-off 



ERIC 
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Since no current flows through Q2, very little voltage is dropped across 
R6 (approximately O.Sv)^ The voltage at output ^2 would measure *9.Sv 
in respect to ground (approximately *Vcc)« 

This voltage (-9.Sv) is considered to be a hic^h voltage output at output 
#2. (Output n Is said to be high.) 

Refer to Figure 5 for the values on the other voltage divider network. 




Figure 5 

Since Q) is saturated, a large curren^'f lows through RS. Vou vfould measure 
approximately zero volts (ground potential) at point Notice that point 
B Is. located between point C {at Ov) and +Vbb (at +6v). You would measure 
a positive voltage (between Ov and +6v) at the base of Q2 (point B) . A 
positive voltage on the base of a PNP transistor will cause that transis- 
tor to become cut-of f ^ 

One transistor is saturated- the other must be cut-off. The flip-flop Is 
stable In this state. 

'Vj not forget that the flip-flop Is a "bl" -stable multivibrator: 
bi^ meaning ^two (2); the flip-flop has two stable states. 

So how do we change the state of the fllp'-flopT 
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Let^s return the capacitors to the ETfstable multivibrator {Figure 6)* 



Capacitors C3 and Ch transmit more rapidly any changes in voltage from 
the collector of one transistor to the base of the other transistor* 
Capacitors CI and C2 are Input coupling rapacltors* 

As before, assume that transistor Is saturated and transistor Is 
cut'off* We now have a choice* We could Apply a posItive*golng pulse 
to Input #1 to cause Ql to change from saturation to cut-off* Or we 
could achieve the same result by applying a negative-going pulse to Input 
#2* Transistor Q2 would then diange from *cut-off to saturation* Normal ly^ 
a pulse Is applied to the saturated transistor causing It to cut-off^ 
V An Input pulse which Is of the correct polarity to change the state of 
the flip-flop Is called a trigger pulse* 



ttATUftATltt 




Figure 6 
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In Figure 7> we have Applied a posit fve-gofng pulse to Input IK The 
flip-flop h» changed states* Now: Ql Is cut-off^ Q2 Is saturated. 
This Input pulse Is a trigger pulse* 




Mil Haa 



, Figure 7 

Apply a second posltlve-going pulse to Input II. The effect I9: no 
effectll Why? Because Ql Is already cut-off » a positive pulse on Its 
base will have no effect* 

But If you now applied a posltlve-going pulse to Input 12^ the flip-flop 
would change t^ack to Its original state (Figure 8). 




Narrative 
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So far, our baste flip-flop used only PNP tran&lstors. We could have just 
as eastly used NPN transistors. Functional operation doesn/t change, 
only the polarities required for conduction and cut-off change: 

As a technician, you may see either type NPN or PNP* All y^u are really 
concerned with is whether or not it operates properly^ To avoid possible 
confusion with voltage polarities, we so<r^times use a symbolic block dia* 
gram, see Figure 9- 



INPUTS 




OUTPUTS 



Figure 9 



INPUTS to flip-flop are SlSET) and C(CLEAft) 
OUTPUTS from flip-flop are and "0** 



A trigger pulse applled^to the Set input causes the *'l'* output to go 
positive or negative, depending on the type of transistor. At the same 
ttme, the "0** output will equal zero volts. This condition Is called 
the Set state (Figure 10). 



T flOOW 




Figure )0 

If another trigger pulse is applied to the Clear input, this produces a 
positive or negative \o I tage out of the ''0" output. The output goes 
to zero volts. This condition Is called the Clear State ;see Figure II. 

To determine what state the flip-flop Is In, you can measure either the 
**V* or the "0" output* Measuring 0 volts at the '*1*' output tells us the 
flip-flop Is tn the Clear state. If, on the other hand, we had measured 
the output, the positive or negative voltage would also have told us 
we were In the Clear state* Either way, we'd only need to take one 
reading. 
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Tri ggir 



Ftgun 11 

^ r 

In the below exMiplef, indicate the stete (Set or Cleer) of the fifp'flops. 



1. 



■f voltag* 




2. 




3. 





C ^ O 


OWBlU 













c o 


- vettegi 




OvoN* 







Figure 12 
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T S«t 

2. ClMf 

3. Cl«ar 
k. Ut 



t 

Look noi# at Figure 1). Tht fifp-flop Is orlgfnany rn tht s«t ttaU. 



1 i I I 




Figure 1) ' 

In Figure 13* conpere the changes In output voltege et each polht In time 
(to, Tl« qtc.) with the Input pulses. Cereful study of this figure should, 
establish In your nind exactly how e flip-flop Mrks. 

SoM flip-flops use e third Input lead. This third Input lea^ Is celled e 
"Toggle*' (T) Input. Every time we apply e pulse to the Input, the 
fllp-'flop will chenge stetes. Refer to Figure U. 
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The tMD diodes (CRI, CR2) form • "steering network". This steering network 
will steer e positive Input pulse to the setureted trenslstor ceuslnj 
It to cut-off. Negetlve pulses ere blocked by the diodes. (Note thet If 
NPN tr'enslstors were used the diodes would heve to be reversed end the T 
sigrvel would heve to be negetlve.) 

For exenple^ lef's sey thet Ql Is seturete^ end Q2 Is cut-off. We epply 
e positive pulse et T. The pulse will be passed to soth trenslstorst 
The poeltlve pulse will not effect Q2 ^\9^^ 't Is elreedy cut-off. Ql , 
'however^ will become cut-off which will viuse Q2 to becom setureted. 
The trenslstorr heve reversed stetes. 

On the block diegrwi below, which represents the Hultlvlbretor of Figure \k, 
the Toggle (T) Input Is es shown In Figure 15. 

. . * i 



r I If" • 
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Mow lttt*s see Whet heppent when triggers are applied to all three Inputs 
of theJMiitivlbrator shown In Figure )4* In Figure 16 assume. the flip- 
flop ts In the clear state ("1" output is 0*0 volts» "0" output Is high) 
prior to TO. 



1— »■ 



I 
I 



I 
I 
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Figure 16 

At TO a trigger Is applied to the set Input and the multivibrator changes 
states*. Next* the clear Input Is triggered and the flip-flop returns to 
the clear state at Tl. A toggle pulse at T7 causes the multivibrator to 
change state, so It Is once again set. JWiother toggle changes the flip- 
-flop to tl)e clear state at T3 (notice that toggle triggers flip the mult- 
ivibrator regardless of Its state). Now a set Input trigger at t4 sets 
the flip-flop. The clear Input pulse at T5 clears the circuit, and the 
clear InpMt at T6 has no effect on the fllp-flopt for It Is already In 
the clear state. 



To summarize, a set Input will set the flip-flop If It Is In the clear 
state, otherwise. It wtlJ not do anything; a trigger at the clear Input 
can Miy clear the circuit If It Is set; and a trigger appl.'ed to the 
toggle wilt cause the bistable multivibrator to change states regardless 
of what state It Is In. 

AT THIS POINT, YOU HAY TAKE THE LESSON PROCRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS COKRECTLY, PROCEED TO THE NEXT LESSON. 

-IF YOlj INCORRECTLY ANSWER ONLY A FCW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PA6E WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, 0; FRAHES SO THAT YOU CAN RESTUOY THE PARTS OF THIS 
LESSON YOU ARC HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVF 
FA I LEO TO UNDFRSTANO ALL, OA HOST, QF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN HEOIUH OF INSTRUCTION, AUOIO/VISUAL MATERIALS (IF 

'XPPLICASLE), or consultation with learning supervisor, until YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CMECK CORRECTLY. 
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OVERVIEW 
LESSON M 



Astable Multivibrator Operation (Free-Running) 



In this lesson, you will study and learn about the function of a basic 
astable multivibrator; its schematic and its output waveform. 

The learning objectives of this lesson are as follows: 

TERMINAL OBJECTIVE(S): 

23''^*45 When the student completes this course, he will be able to 

TR0U8LESH00T multivibrator (f I ip-f lop, free-running, one-shot) 
circuits, given a prefaulted training device, appropriate 
schematics (or technical manual), test equipment, and neces"* 
sary tools. Remove and replace similar components on a prac* 
tice circuit board. Faulty component identification must be 
100% accurate. Component replacement must pass Learning 
Supervisor' s inspect ion. 

ENABLING OBJECTIVE(S): 



When the student completes this lesson, he will be able to: 

23*2.45.4 IDENTIFY the schematic diagram of a free-running (astable) 
multivibrator by selecting the correct schematic from a set 
of four choices. 100% accuracy is required. - 

23-2.45.5 IDENTIFY the correct output waveform of a baste free-running 
(astable) multivibrator by selecting the correct waveform 
description or illustration from d set of four choices. 100% 
accuracy Is required. 

23.2.45.6 




rts. 
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OVERVIEW 



23*2, ^15, 6,1 OBSERVE. RECORD, and INTERPRET norma) and abnormal output 
waveforms of a free-running (astable) multivibrator, given 
the necessary schematics, tools, job program, oscilloscope, 
and components or circuit boards. All measurements must 
fall within tolerances stated in the job program. 



BEFORE YOU START THIS LESSON. READ THE LESSON LfARNING OBJECTIVE^ AND 
PREVIEW THE LIST Of STUDY RESOURCES ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON III 

Honostable Hulttvibrator Operation (One*Shdt) 



To learn the material (n this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the follow 
I ng study resources: 

Written tesson presentation In: 

hodule Booklet: 

Sunmary 

frogrammed Instruction 
Narrative 

Student's Guide: 

Job Program Twenty Three*lll-I "Honostable Hultivtbrator** 
Job Program Twenty Three-) t|-2 **Muttiv(brator Systems** 
Progress Check 

Additional Haterial(s): ^ 

Audio/Visual Program Twenty Three'ltl '*Honostable Multivibrator 

Operation*' 

Enrichment Material (s): 

Basic Electronics. Vol. 2. HAVPERS t0087-C 



YOU HAY USE ANY. OR ALL. RESOURCES LISTED ABOVE. IHCLUOIHG THE LEARNING 
SUPERVISOR; HOWEVER. ALL MATERIALS LISTEO ARE NOT NECj^$fARILY REQUIRED 
TO ACHIEVE LESSON OBJECTIVES. THt PROGRESS CHECK Ml^V SE TAKEN AT ANY 
TIME. 
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SUMHARY 
LESSON M 



Astable Multivibrator Operation (Free- running) 



Ah ^stable multivibrator ts also known as a free-running multivibrator* 
tt is called frjee-*runnlng because it freely alternates between two differ' 
ent output voltage levels. The output is a square-wave used for timing' 
and gating purposes in electronic equipment* 

The schematic of the astable multivibrator is shown in Figure I, 



-Vcc 



OUTPUT A 
HO.l 




OUTPUT 



Figure I 

Like the fllp^ftop^ (he astable multivibrator has two outputs. But 
the astable multivibrator has no Inputs. It Is a type of osclMator 
since It generates a contlnMus output signal (a square mvt) with no 
Input signal * 

When the circuit Is energized^ one of the transistors will cut*off. 
Therefore, one output wIJI be a relatively high voltage (approximately 
-Vcc) when the other output ts a low voltage (approximately 0 V), 



ERIC 
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Figure 2 Illustrates ar\ astable multivibrator with Q) saturated and Q2 
cut-off. 




Figure 2 

The circuit will remain in this state for a definite period of time* 
Thts period of time is determined by the time constant R2 X CI* Capacitor 
CI is connected to the base of translator Q2 (which is now cut-off)* As 
theVlght side of CI charges (becomes more negative), the base of Q2 
Is also becoming more negative* When the base of Q2 becomes sufficiently 
negative to cause Q2 to conduct, Q2 will rapidly saturate* The resulting 
rise tn voltage at output H (from approximately -Vcc to approximately 
Ov) Is- transmitted through C2 to the baSe of transistor Ql* Transistor 
Ql then goes Into a state of cut-off* 
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Th« conldltloni 9^ th% two transfstors have now been reversed. Figure 3 
Illustrated Q1 cut-pff and Q2 saturated* 




Figure 3 

Now th« left sida of C2 will become mora and more negative* depending on 
^the time constant R3 X C2* 

The base of Q1 » consequent Iy» becocnes more aad more negative/ After a 
definite period of tlme» Ql wl M again s%^urate and 02 will cut^^off* 

The output voltage from transistor Q2 Is Illustrated In Figure " 



(TIME DCTERMINED 0VR3XC2) 




(TIME DETEIIMNED BV f^XCi) 

Figure h 

The output voltage (from either output) continually alternates from 
approximately 0 V to approximately -Vcc " remaining In each- state for 
a definite period of time* This output Is used for various timing 
purposes — operating like an alectronic clock* 
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AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TIST ITEMS CORRECTLY. PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS. 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES. 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL. OR HOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION. AUDIO/VISUAL MATERIALS (IF 
applicable). Oft CONSULTATION WITH LEAftNING SUPERVISOR. UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECR CORRECTLY. 



P.I. 



Twenty Three- H 



PROGRAHHEO INSTRUCTION 
LESSON II 

Astable Multivibrator Operation (Free-running) 

THE T£ST FRAHE 1$ 7. GO FIRST TO TEST FRAMt 7 ANO SEE'I'f YOU CAN ANSWER 
ALL THE QUESTIONS THERE. FOLLOW THE OIRECTIONS GIVEN AFTER THE TEST 
FRAHE , . 

I. The astable multivibrator Is a type of oscillator. A square^Mve 
oscftlator. Once It Is anergtzed* It wtll develop a continuous. square 
wave at either of Its two outputs (F,tgure t)* 



HULTnUMUTOII 
[FKE-miNNiNO) 



Figure t 

Recall that the bistable multivibrator (flip-flop) required a trigger 
Input pulse to change states* The astable multivibrator doesn^t even have 
km Inputs. It will change states^automatlcally^ staying In each state 
for a definite period of time* You will find that this circuit Is alto . 
caHad the free-running multivibrator; once It gets started^ It wllKfreely 
change from a high vf^ltage to a low voltage Jevel and back and forth with 
no trigger Input pulses* 

The outptit of a free-running multivibrator Is a wave* 
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2/ Do€S the schematic fn figure 2 took famfUar? tt fs similar to the 
flip-flop schematic* 




figure 2 



The biggest difference Is th^t the astable mjttlvlbfator has no Inputs, 
yet It has two outputs* tike the fltp*flop, one of the trenslTtors will 
saturate and tie other ti^anslstor will cut off when w efiergtze the cir- 
cuits* So If you measured a high voltage at one output, you would measure 
. aJow voltege at the other output* 

In figure 2, If QI Is saturated, Q2 must be * 



CUt'OTT 

3* The ftlp*flop and the estable multivibrator took similar* Why should 
they operate differently? Why does the astable multivibrator "oscillate", 
whereas the flip-flop doesn't?" Let's explore the reasons. 
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Kefer to Figure 3. &iy that transistor Q1 Is conducting, but tranststor Q2 

cut-off. 




Figure 3 

EssenttaUy ALL the currant tn the circuit flows through^QI. Ql offers 
etnost no resistance to current. 

f' ^ 
Notice that c4>Kltor CI tV^cNTrglng. Since Ql has almost no resHtance 
In a saturate state, the rate of charge of CI Is dependent on which time 
constant? 

a. R1 X,CI 

b. R2 X CI 

c. R3 X CI 



4. Why do you suppose we are concerned with the charging of CI 7 Well, 
,fK>tIce that Cl Is connect^ to the base of transistor Q2. Q2 Is cut-off 
Sut as Us base becomes more ne gative because of the charging of CU Q2 
»MM start to conduct and will rapidly saturate. (Remember that the con 
ductlon of a transistor ts controlled by the voltage on ttS base.) 
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Q/t V% (KMf conducting* Uh«t effect do you think this wtM have on Q)7 
Refer to Figure k. 



119* 




not 



01 

ftATUMTCD} 



Figure k 

* 

When 02 foturetes, output #2 changes from approximately -Vcc to approx- 
Ifliitety Ov, This rise tn voltage will be coupled through C2 to the base 

of Q1»;ceuslng Ql to go Into cutoff* 

♦ 

When 02 saturates, Ql will become 



cut-off 
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5- EMOTtlally all rhe current In the system now flows through Q2. See 
^i^ure 5* 4 



mo I 



(CUT*0FF1 




OUTPUT 
MO*! 



02 

(SATURATED) 



Figure 5 

We now have the mirror Image of what we had a moment ago* The left stde 
of capacitor C2 will now become more negative et e rate determined by the 
time cofiitent R3 X C2. As the left side of C2 becomes more negettve» the 
bete of Ql Will etio become more negative. VAmn the base of Q1 becomes 
negetive enough taellow Ql to oHtduct, Q1 will agein go Into seturetlon 
end 02 will egein go to cut-off* 



The length of time that translator Ql 
the charging rete of cepacltor . 



Ins cut-off Is determined by 
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6* iet's analyze the output voltage from transistor Q2, Refer to Figure 6, 



ov 



-Ifec ^ 



(TtME PETERyiWED BY R3XC2) 



Q2 CUT-OFF 



1 



(TIME DETERMINED BY R2XC1) 

Figure 6 

The output >fo)tage continually alternates from appro:^Imate1y 0 V to aporox* 
Imately -Vcc ~ remaining In each state for a definite period of clfne. The 
time may range from a microsecond to as much as a second or two* In many 
appi Icatlons. the cime period of high voltage and the time of low 

voltage will be equal* 

Some applications^ however^ require different high and low voltage times* 

Suppose you need an astable multivibrator that produces an output with 
different pulse widths. Maybe something like Figure 7* 
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To do this, you would need to change the t Im^ the transistor is cut-off. 
Veil, how about changing the time constants? Look at Ficiure 8. 



OUTPUT 
N0.1 




1 



-Vcc 



R2 





^ OUTPUT 
^ NO 2 



Fi9*Jre 8 \ 

The time Q2 is In a cut-off state will be determined by the Time Constant 
of X Cj, \^en X Cj reaches a predetermined value the base of Q2 

becomes sufficiently negative enough to cause^ It to go Into conduction. 

When Q2 goes Into conduction, C2 will begin to charge. Once C2 reaches 
a predetennlned value, it will cause Ql to go Into conduction and cause 
Q2 to cut-off once again* Ql's cut-off time wM I be controlled by the 
time constant of R^ X Cj* 

So what good Is It? WeU, the astable multivibrator is used In many 
applications that require triggering at a particular frequency. In a 
sense. It's an electronic clock — ticking and tocking at a steady rate. 

The sst3ble multivibrator is used for 

a* amplification* 

b, timing, 

c* regulation. 

d. differentiating* 
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b. timing. ^ 

7. TEST FRAME 

(1) The astable (free-running) multFvibrator has 

a. two inputs, two outputs. 

b. one input, one output, 
c* one input, two outputs* 
d. no inputs, tx>io outputs. 

(2) The output of an astable im 1 1 ivibrator is a 

negative DC voltage, 
a square wave* 
a sine wave, 
positive DC voltage. 



(THIS IS A TEST TRAHE. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVE/ AT THE TOP OF THE NEXT PAGE.) 



/ 
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(U d* Ko inputs, two outputs. 

(2) b, A square wave,. ^ 

^ — ' 

JF YOUR ANSWERS ARE INCORRECT. GO fiACKTO FRAME I AND TAKE THE pROGRAHHED 
SEQUENCE. 

AT THIS POINT. YOU^HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEHS CORRECTLY. PROCEED TQ THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS. 
THE CORRECT ANSWER PAGE. WILL REFER YOU TO THE APPROPRIATE PAGES. 
PARAGRAPHS. OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVtMd DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL. OR HOST. OF THE LESSON. SELlCT MID USE 
AftOTHER WRITTEN HEDlUH OF INSTRUCTION. AUDIO/VtSUAL MATERIALS (IF 
APPLICABLE). OR CONSULTATION WITH LEARNING SUPERVISOR. UNTIL YOU 
CAN ANSWER ALL SELF-tEST ITEHS ON THE PROGRESS CHECK CORRECTLY. 
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Astable HuUIvtbrator Operation (Free-running) 



An astable multivibrator is also known as a free*running multivibrator. 

caII It free-running because it freely alternates between two di/fer' 
ent output'Voltage levels all the time It Is on. The output remains at 
each voltage level for a definite period of time* If you loolced at 
this output on an osci I loscope* you would see the below waveforr.': 



TIME 



Figure 1 

Remember %4hat this kind of'waveform Is called? It Is a square*wave* 
astable multivibrator operates like a square^wave osci I lator* 



The 



Why do we say It Is I Ike an osci I la tor? Well , an oscM la tor is a circuit 
that generates a continuous output waveform with no iiiput signal, the' 
astable multivibrator has no input* Vou should recall ths^ the bistable 
multivibrator (f lip*flop) has two inputs and two outputs* The astable 
multivibrator also has two outputs, but no inputs* 
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The schematics for the two multivibrators appear similar. Take a look at 
the astable multlvlbratior schematic in Figure 2. 




^ Figure 2 

In addition to appearance^ there are other simWarities between the 
astable and bistable multivibrators. Like the fljp*flop» one of the 
transistors will saturate and the other transistor will cut-off when 
we energize the circuit. Therefore, one output wi 1 1 be a relatively 
high voltage (approximately -Vcc) when the other output is a low 
voltage (approximiitelV 0 V). 

But the astabte Aiultivlbrator ''oscillates/' whereas the flip-flop 
doesn't. In order to explain why the astable multivibrator oscillates^ 
let's assume that transistor Ql saturates and transistor cuts off 
when we energize the circuit. Th-Is situation is shown in Figure 3. 



6\V 
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Figure 3 

Essentially ALL the current In the circuit flow$ through QK Q) offers 
almost no resistance to current* 

Notice that capacitor CI )$ charging* Since Ql ha$ almost no resistance 
In a saturated state, the rate of charge of CI Is dependent on which time 
constant? 

a, Rl X CI 

b, R2 X CI 
C. R3 X CI 



Let*s take another look at Figure 3* Notice that the right-hand side of 
capacitor CI Is connected to the base of transistor Q2* Q2 Is now cut- 
off. 

Let's put one and one together* First one; the right-hand side of 
capacitor CI Is becoming more and more negative* Second one: If the 
base of becomes sufficiently negative. Q2 will conduct. Conclusion; 
after a certain period of time, the bate, of Q2 wMI become sufficiently 
negative to cause Q2 to change from cut-off to conduction* What do you 
suppose determl^.s how long It takes for 1^2 to become saturated? "The 
time constant/' you say* What time constant? X CI*" 
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Figure ^ 

The negative voltage on the right side of capacitor C) has caused 02 to 
conduct* ^fow the following sequence of events will take place almost 
Instantaneously* Q2 starts conducting and quickly saturates* and the 
voltage at output #2 changes ^rom approximately *Vcc to approximately 
O.Ov. This change In voltage will be coupled through C2 to the base of d* 
causing Ql to cut-off. 

Now we have Ql In cut^o^Ff and Q2 In saturation. See Figure 5* 




Figure 5 
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Notice that Figure 5 is the mirror image of Figure 3. The left side of 
capacitor C2 will now become more negative at a rate determined by the 
time constant R3 X C2. As the left side of CZ becomes more negative, the 
base of Q1 will also become more negative. When the base of Ql becomes 
negative enough to allow Ql to conduct, Ql wit) again 90 into saturation. 
The resulting change In voltage at output lf\ will cause Q2 to go back to 
cut*of f . 

The length of time that transistor Ql remains cut-off is determined by the 
charging rate of capacitor . 



C2 

Let's take a look at the output voltage from trdnsistor Q2. 
Figure 6 Illustrates the waveform at the output of Q2. 



ov 



-Voc-- 



(TIME determined by R3XC2) 



Lm 



Oa CUT-OFF 



X 



(TIME DETEIWINED BY H^XC^) 



Figure 6 



The Output voltage (from either output) continually alternates from approxl 
mately O.Ov to approximately ^Vcc — remaining in each state for a definite 
period of time. The time ray range from a microsecond to as much as a 
second or two. In many applications, the time period of high voltage 
(*Vcc) and the time period of low voltage (O.Ov) will be equal. 
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SOM ftppltcations, however, require different high and low voltage times* 
Timing circuits amj gating circuits often have different pulse widths* 
{Figure 7.) 



(nut DCTCRWIMCO 113X02) 




Figure 7 

To increase the length 0/ time a transistor ts saturated or cutoff, one 
of the RC time constants [(r^ X C^) or X Cj)] must be Increased* 

The ast#jle multivibrator is basically used as a timing circuit or a gating 
circuit* Sometimtts it is called an electronic clock -- ticking and toc^fng 
at a f :eady rate, ^ 

tf'he output of an astable multivibrator Is 

a* negative DC voltage, 

. b* a square wave, 

c, a sine wave, 

d* positive DC voltage. 



i 



b* a square wave 

^>T THIS POINT, you HAV TAKE THE LESSON PROGRESS CHECK* IF YOU 
AHSUElt ALL SELF-TEST ITEMS CORRECTLY, PROCECD TO THE NEXT LESSON* 
JF you tNCORRECay ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON VOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNOERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE ^ 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUplO/VISUAL MATERIALS (IF 
APPLtCAdL£), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
tAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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OVERVIEW ' 
LESSON Ml 

Monostdble Hultivifarator Operation (One-Shoty 

In this lesson, you will study and learn about the schematic, function, 
tKe inpLt jind;output wav^fbrms of a monostable multivibrator* 

The learning objectives. of th^s lesson are as follows: 

TERMIMAt pBJECTIVE(S): " 

*. 

23*3<4S When the student ^oihpletes this course, he will be able to 

TROUBLESHOOT multivibrator (flip-flop, free-running, one-shot) 
circuits, given a prefaulted training dfiylce, appropriate 

^ schematics (or technical manual), test equjpment, and neces- 

sary tools. Remove and replace similar components on a prac* 
tice circuit |K>ard* Faulty component Ident i f tent Ion must be 
100% accurate. Component replacement must pasi ^earning 
Supervisor's inspection* 

EHASLING OBJECTIVE(S): 

When the student ^completes this lesson, >^e will l>e able to: 

23*3*^5*7 IDENTIFY the schematic diagram of a one-shot (monostable)' 
multivibrator by selecting the Correct i>chematlc from a 
^ set of four choices. 100% accuracy is required. 

23*3.^5*8 IDENTIFY the correct output waveform *of a basic one*shot 

(monostable) multivibrator by selecting the ^rrect one*shot 
multivibrator output, for a g ven Input, from a set of four 
{ choices, 100% accuracy Is required. 
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OVERVIEW 



23.3.^5.9 COMSTRbCT a basic one-shot (monostab]^} muKtivtbrator, given 
a schematic dianram or a parts layout tenipiate and a Supply 
of parts. The constructed circuit mu&t be operational as 
specified In the job program, 

23.3.45.9*1 OBSERVE, RECORD, and tNTERPREi non!^l and abnormal Output 
waveforms of a one-shot (monostable) multivibrator, given 
the necessary schematics, tools, job program, an oscillo- 
scope, and components or circuit boards. Alt measurements 
must fan within tolerances stated In the job program* 

23-3.45.10 IDENTIFY a malfuncttonmg component In a prefautted multl*.^ 
vibrator (Bistable, Astable, HonolTta^le) circuit, given / 
the necessary tools, job program^ a prefaulted training^ 
device, an oscilloscope, and the appropriate technical 
manual or schematic* Fault diagnosis to be 100% c^^ct. 




BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND 
P|t£VIEU THE LIST OF STUOY RESOURCES ON THE NEXT PAGE. 
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irST OF STUDY RESOURCES 
LESSON III 

Hooos ^ ^Me Hultlvlbrator Operation (One-Shot) 



To learn the material In this lesson^ you have the option of choosing^ 
according to your experience and Preferencas^ any or all of the folloir- 
Ing study resources: 

Writtett Lesson presentation In: 

Module teoklet: 

Summry 

Prograiniied Instruction 
Narrative 

Students Guide: 

Job Program Twenty Three-ll)-1 ''Monostable Multivibrator" 
Job Program TWenty Three-lll-2 '^Multivibrator Systems'' 
Progress Check 

Additional Materlel(s): 

Audio/Visual Program Twenty Three*!!! "Monostatle Multivibrator 

Operation" 

Enrichment Materlal(s): 

Basic Electronics Vol. Z, HAVPERS 10087-C 



YOU MAY USE ANY, OR ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARHIMG 
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 
TO ACHIEVE LESSON OSJtCTIVES- THE PROGRESS CHECK MAY BE TAKEN AT ANY 
TIME. 
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SUHHARY 
LESSON III 



MonostabU Hultlvibrator Operation (One-Shot) 



The inonostable multivibrator circuit Is basically used for pulse-shaping 
Frequently It Is known as a one-shot multivibrator. It Is used tn 
conftuter logic systems* electronic control syi^tems, radar pulse-forming 
systemst and comnunlcatlon/navtgatfon equipment. The one-shot will 
take a series of Input trigger pulses and convert them to uniform squa 
pulses (Figure. l) . 



re 



JUUUl 
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MONIOSTABLE 
MULTIVIBRATOR 



T1 T2 T3 



Figure I 

A schematic for i monostable multivibrator is shown In Figure 2. 



INPUTS 
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Figure 2 
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Immediately after the one-shot is energized, transistor QI will cut-off ^and 
transistor Q2 will saturate. Notice that a positive voltage is applied 

\ 

to the base of QI through R3. Q2 saturate because of the negative 

voUage applied to its base through R2. The circuit is now in its stable^ 
state ( monostable means one stable state), as shown in Figure 3* 

The output of the one-shot is taken from the collector of Q2. Since Q? 
is saturated, the output voltage is approximately 0 V (Figure 3)* 



As long as you do not apply an input signal, the output will continuously 
measure zero volts. 



^flPUT o- 



(CUT-OFF) 




Figure 3 
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If you apply a negative pulse at| the input of the one-shot ci rcui t in 
Figure the base of Ql will become negative, Qi will tmmediately sat- 
urate — causing the voltage at its collector to rise to approximately 
zero volts* This ris% In voltage Is coupled through CI to the base of Q2 — 
causing to cut*off. When Q2 stops conducting* the voltage at its col- 
lector drops to approximately 

The output voltage is now -V , The output voltage will now remain at 

cc 

*V^^ for a definite period of time determined by the time constant 

R2 X CT. in other words, as the right side of CI becomes more and more 
negative* the base of Q2 will become more and more negative^ 




Summary 
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Eventually, the base of Q2 will become sufficiently negative to cause 
Q2 to conduct. Q2 will rapidly saturate., and the output voltage will 
rise to 0 V. The circuit has then returned to its stable state (Fig- 
ure 5)- 




Figure 5 

Each time a negative pulse is applied to the input, the one-shot output will 
change from 0 V to "V^^. It wilt remain at -V^^ for a definite length of 

time. Then it wilt automatically return to 0 V. 

AT THIS POtHT, yoU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUOY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, 0^ THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON Ml 



Honostable Multivibrator Operation (One-Shot) 



TEST FRAME IS IK AS BEFORE, GO FIRST TO TEST FRAME 11 AND SEE IF YOU 
CAN ANSWER ALL THE QMESTIONS THERE* FOLLOW THE DIRECTIONS GIVEN AFTER 
THE TEST FRAME, 

K There are numerous appllcatlcHis of the monostabte multivibrator* You 
will discover that It Is a very versatile circuit* It Is ustd in computer 
logic systems^ electronic control systems, radar pulse-forming systems^ 
and conmunlcaticHi/navlgatton equl^^ment* Each of these systems requires 
a circuit that takes a series of Input trigger pulsts and converts than 
to uniform square pulses* Alt the square output pulses will be the same 
amplitude and time duration* See Figure I* 




Tl T2 T3 



MONOSTAELE 
MULTIVIBRATOR 




Tl 



T2 



T3 



Figure I 



The monostable multivibrator could best be classified as a/an: 



a* ainpl Ifler cl rcult* 

b* pulse-shaping cirxult* 

c* oscillator circuit* 

d* filter circuit* 



b^ pulse'shaping cIrcuftT 
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2. The schematic for the monostable multivibrator (also known as the one- 
shot) is shown in Figure 2. 




Figure 2 

The one-shot circuit has only one Input (recall that the astable multivib- 
rator has no inputs and the bistable multivibrator has two inputs). There 
is generally only one output taken from the collector of Q2* A second 
output could be taken from the collector of Oil. This second output would 
be the exact reverse of the first. 

The monostable mult i vibrator has Input (s) . 



one 
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3. The previous two multivibrators (astable and bistable) were symmetrical. 
The mooostable is not ^ynwnetrical, Nbtlce that the two transistors in the 
monostable multivibrator (Figure 3) are biased differently. 




Figure 3 

-.?/,r^When the circuit is ?irst energized, a positive voltage ts applied to the 
^;:f base of Ql through the voltage divider action of ftU, R3 and R**, while a 
negative voltage is applied through R2 to the base of 02. As a result, 
Ql is cut off and 02 saturates. The circuit will remain In this state 
indefinitely; it will not change unless some external force affects it. 
This is the reason for the circuit's name; it has only one stable state 
(mono stable). 
.i* ' 

In Its static state, Q? iij the monostable multivibrator {Figure 3) will 

be o ff/saturat ed) and Q2 will be (cutoff/saturated). 

+^1 

--1*---------------*--^ - - 



^ 

cut off; saturated (in that orderj 
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4, Let's take e closer look at what this circuit Is doing in Its sta- 
ble state* With Q2 saturated. Its collector voltage i& *0,S V (R4 drop- 
ping most of V^^) so R3 and RS act as a voltage divider between V^^^ and 

ground* The potential at the tie point between RS and R3 Is sofnewhere 
between 0 votts and 46V, thus the voltage on the base of Ql m<ist be po- 
sitive and. as m said earlier. Ql is held at cut off* with Ql cut off. 
Its ^Hector voltage Is at -I2V. for without current flow through Rl. 
there Is nd voltage drop across RK R2 Is dropping nearly all of V^^. 

because one end Is connected to V^^ and the other end to negative 0*3 

votts at the base of Q2* CI. with one end connected to '12V a' QVs cob 
lector. Is charged to approximately 12 volts with the left end most 
negative* 



-O OUTPUT 




INPUT O 



Figure ^ 



Basically, this circuit will not change states because 
connected to a positive voltage* 



IS 



Q]*s base 
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Now let's get to that "external force^' that tan change the state of 
this multivibrator* A negative trigger pulse of 'about one volt (or more) 
at the Input will cause QI to conduct, and Ql's collector voltage will 
Instantly change to nearly zero volts* The charge on CI now will act as 
a voltage source with Its left side at ground potential and a positive 
voltage cn Its right base terminal* This positive voltage will cut off 
Q?; Q2's collector will promptly go to *12y; and the R3*RS voltage dl*_ 
vider will hold the base of Ql to about -0*3V to lock QI in saturation* 

When an Input pulse cuts off Ql » the sudden change In Its collector vol- 
tage Is coupled to Q2 by * 



6* Once again, let's go over the circuit In detail, this time looking 
at conditions as they are Just after a negative Input pulse has been 
applied* QI Is saturated; it's collector has a very small voltage; and 
Rl drops approximately 12 volts* CI Is charged to nearly 12 volts, so 
the base of Q? is about II volts positive " more than enough to positively 
cut off Q2* With QZ cut off R3> M and RS act as a voltage divider 
network between -12 V {V ) and +6v (V..)* The circuit values 

CC DD 

are chosen so that this holds Ql's base at about -3V which keeps QI 
conduct ing* 

(-12vl 
9 ^cc 




Figure 5 

What component causes th& base of Q2 to he positive? 
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CI 

t 7* The circuit is now !n an unstable condition. It will reimin in this 

state for a definite period of time* it will then revert automatically 
back to Its origina.1 stable state. 

In figure 6, electrons flowing through R2 to the right side of CI will 
balance the charge on CI (discharge CI) so that the base of Q2 gradually 
becomes more negative* At some pc^it, Q2 will start conducting again; 
this will cause Q1 to cut off and the circuit will flop back to \ts sta- 
ble state. The length of time that Q2 is cut off depends on the RC time 
constant of CI and R2. (You may want to review RC^ time constants at 
this time.) 

What will happen to Q2*s cut off time If the value of R2 Increases? 



Q2 wi M be cut off longer 

8. Let's use a timing diagram to quickly go through this operation again. 
(A timing diagram is a series of wave forms taken from different points 
in a circuit and drawn on Yhe same time base to show time relationship.) 




Figure 6 
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Figure 7 

At time zero (Tq) the circuit is in its stable state and all the voltages 

are just sitting there, nice and steady — until T^ Tj is when we apply 

__aiL ijtiput pulse and a lot of things start happening; Ql*s collector goes 
positive to about zero volts, CI couples the positive charge to the base 
of Q2*-Q2 cuts off a od c a u s e s i t s-rol lector voltage to drop to^-l2V, and 
this causes the base of Ql^to drop to a negative value (saturate). Re- * 
member, all this happens so fast that we can't see any time difference 
in these events. 

Now, during the time from T^ to T^, CI is discharged by the qurrent 
through R2, and their time constant determines how fong it fs from T^ to 
Tj- All this time the collector of Q| is at zero volts, the collector of 
is negative, and Ql's base is negative. 

At Tj, the base of Q2 finally becomes negative enough to cause Q2 to con- 
duct. The other voltage changes shown on th^ diagram take place instantan- 
eously and the circuit returns to its stable state except for the peak at- 
the base of Q2. You've probably already guessed that this peak is 
caused by CIV iharging back up to twelve volts. This charge time Is 
much shorter for the charge path is through Rl now, and M has much less 
resistance than R2. As soon as Cl has completely charged,, the multivibra- 
tor reverts to its stable slate and wili just sit and wait for^the next 
input pulse to come along^ 
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that the collector ar Q2 remains nega- 



The time constant of CI and R2. 



9. The normal output from the one shot imjitlvibrator is taken from the 
collector of Q2, so the output Is a fixed width, negative pulse for each 
Input pulse. If, for some reason, we want a positive going pulse, we 
can use a circuit containing NPN transistors or we can take the output 
from the- col lector of Ql In a PNP transistor circuit. (See Figure 6 in 
Frame 8.) 



SeJect the correct output waveform given the below input %«aveform to a one- 
shot multivibrator which uses PNP transistors. 
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T1 T2 T3 



T1 T2 T3 



T1 T2 T3 
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10. The input trigger pulses and the output square pulses may be either 
positive or negative depending on the type of transistors used in the one^ 
shot. The circuit discussed up to this point used PNP transistors. The 
inputs and outputs were negative. 

Say that the below one-shot circuit used NPN transistors. Select the correct 
Output waveform. 



Ill I^ONE C^'f 



Ti ra TS 



2J\n 



n T» T3 



+ Vcc 

b.Ov 



cOv 



TI T» T3 



d.Ov 
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1 1 . TEST FRAME . 

1. The basic function of a monostable multivibrator is: 

a* filtering, 

b, pulse-shaping, 

c, amplification, ^ 

d, differentiating, 

2. Select the correct output *aveform given the below input waveform 
to a one-shot multivibrator which uses NPN transistors, 

AA 

T1 T2 



...Ain 

T1 T2 
T1 T2 
T1 T2 

.J" 

T1 T2 



(THIS IS A TcST FRAHC. COMPARE YOUR ANSWERS WITH THE CORRECT AHSWEIsS 
GIVEN AT TJtE TOP OF THE NEXT PAGE.) 
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I* b. pulse shaping 



T1 



IF YOUR ANSWERS HATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PROGRAH- 
HCD INSTRUCTION FOR LESSON III HOPULE TWENTY THREE. OTHERWISE GO BACK TC 
FRAME ) AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME D AGAIN. 



AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRES'S CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGC., 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PART'S OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, Of THE LESSON, SELECT AND USE 
ANOTHER WRiriEli MEDIUM OF ' INSTRUCT >0N, AUDIO/VISUAL HATERI/CLS (iF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL Y^U 
CAN ANSWER ALL SELF-TEST J TEMS ON THE PROGRESS CHECK CORRECTLY. 
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NARRATIVE 
LESSON 111 

Honostable Multivibrator Operation (One-shot) 

The operation of the monostable multivibrator (one-shot) Is relatively 
simple* You trigger the input with a pulse of voltage. The output 
changes from one voltage level to a different voltage I'^vel* The output 
remains at this new voltage level for a definite period of time* Then 
the circuit reverts aL'tomaticat ly to Its original condition remaining 
that way until another trigger pulse Is applied to the input. 

The schematic for the one-shot (another name for the , iono-s table fnu 1 1 1 vi- 
brator) is shown in Figure I. 




Figure I 

Like the other multivibrators, one transistor will saturate 3nd the 3ther 
transistor will cut off when we energize the circuit. 

After you firFt ^nerglzed the other two rmiltlvibrators^ It was impossible 
to predlcT-whIcn transistor ^uld initially go to cut-off. But the one- 
shot circuit Is not symmetrical tike the flip-flop and the astable muttl- 
vl^/ators. Positive voltage (+Vbb) Is applied through R5 to the base of 
QK This positive voltage will cause Ql to cut-off. Transistor Q2 will 
saturate because of the negative voltage applied from -Vcc to its base 
throu9h R2, 

Therefore, Ql will be cut-off and Q2 will be saturated before we apply 
a trigger pulse* 
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The output of. the one-shot is connected to the collector of 02. Since Q2 
is saturated* the output voltage Is approximately O.OV. (Figure 2.) 




Figure 2 

The circuit Is now In Its stable state. The monostable multivibrator has 
one stable state (mono means one; monos table neans one stable state). As 
long as you do not apply an Input signal, the output will continuously 
measure zero volts. 

Let's take a more detailed look et the circuit conditions In this stable 
stfte (refer to Figure 2). As we said Ql Is cut off, so there rs no cur- 
rent flow through Rl and the collector of Ql Is at -tfcc. Is saturated 
and has practically no voltage drop across it, so its collector Is at 
essentially zero volts. RS and R3 form a voltage divider from +Vbb to 
the ground potential at Q^'s collector. The tie point between these two 
resistors must therefore be positive. Thus the base of Ql Is hel^ posi- 
tive ensuring that Q) re.ilns cut-o^f. Q2 will remain saturated because 
the base of Q2 Is very slightly (probably about O.Sv) negative, for It Is 
returned to -Vcc and Q2's condition will keep Its base potential near Its 
emitter potential by the voltage drop across R2. Now, If the collector 
of Ql Is near -Vcc and the base of Q2 1$ near ground; CI must be charged 
to nearly Vcc volts with the polarity shown In Figure 2. 
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OK, now that we have cill the components and voltages sorted out for the 
stable state let's see how it operates. This is done by applying 
a negetive pulse at the input terminate C2 couples this voltage 
change to the base of Ql and starts' Ql conducting. Ql will quickly satur- 
ate, and Its collector voltage will immediately rise to ground potential. 
This sharp voltage ri/e will be coupled through CI to the base of Q2 
causing Q2 to cut-ofX- Q2's collector voltage immediately drops to Vcc; 
the voltage divider formed by R5 and R3 will then hold QPs base negative 
(it's designed that way), and Ql is locked in saturation. This is 
shown in Figure 3. 




figure 3 

Ue have now turned the one-shot '*on'' by applying a pulse at the Input, 

It should turn itself ''off' after a period of time. Let's see if it does. 

Looking at Figure 3* we know Ql is held In saturation by a negative volt* 
age connected through R3 to Its base, so the circuit can't be turned off 
here. Let's look at the base of Q2^ This base Is connected to the nega* 
tive supply (*-Vcc) through R2, so the base Is negative and Q2 Is conducting, 
right? Wrong! We Just coupled a positive voltage change (pulse) from QPs 
collector to the base of Q2 and cut Q2 off. Piybe we need to take a closer 
look at what Is happening here! When the collector of Ql sVfitches from 
-Vcc volts to zero volts, the charge on Cl acts like a battery with its 
negative terminal on Ql's collector and its positive terminal connected 
to Q2's base, and this voltage is wha^t cuts Q2 off. But R2 connects the 
positively charged plate of c! to a negative source, so Cl riAj$t begin to 
discharge through Q} to ground, back through *-VCC, through R2 and the 
other side of CI. How long will it take for Cl to dischdrge? That 
depends on the RC time constant of Cl and R2. (You m^y want to review 
RC Time Constants.) A timing diagram (Figu/e k) shows tr.^se .events in 
a way that should be fairly clear now. Go back chrough the description 
following the events in these waveforms if you aren't sure you understand 
what Is happening^ 
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Figure h 

The only part of the operation not described so far Is the short CI charge 
time that occurs right after Ql and Q2 return to their stable states. 
This IS simply the time required for CI to gain electrons or its left 
side, and It Is determined by the Rl X CI time constant. 




Figure 5 
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The length "Of time that the output remained at -Vcc was determined by the 
time constant R2 x CI . 

Now the output will remain at 0 volts until another pulse !s applied at 
the input. 

By now, you are probably w>nderlng "What good is it?" Well, the one'shot 
multivibrator Is a very useful circuit* Basically, it is used as a pu lse - 
shaping circuit. A series of trigger pulses at the input will produce a 
series of unifofin squari^ pulses at the output. See Figure 6, 



Applications include computer logic circuits^ electronic control circuits, 
radar pulse-forming circuits, and ccMr"unIcatIon/navigatIf equipment. As 
you continue your study of electronics^ you will encount r various appli- 
cations of the one-shot as part of more complex circuit * Like the other 
multivibrators. It is a building block that performs one function in a 
larger structure. 




n TSt T3 



MONOSTABLE 
MULTIVIBRATOR 




, Figure 6 
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Given the below input waveform to a one-shot multivibrator, select the 
correct output waveform. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, IF YDU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REF,-« YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS DF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEF.. THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, DF THE LESSDN, SELECT AHD USE 
ANOTHER WRITTEN MEOIUM OF jusTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICACLE), DR CONSULTATION WITH LEARM KG SUPERS I SOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK COR^fCTLY. 
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